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INTRODOCTION 
GENERAL 
The term "Acute Renal Failure" (ARF) denotes a dramatic 
clinical situation m which both the kidneys stop their excretory 
function within a short period of time or even immediately 
depending on the severity of ARF. Since the major function of the 
kidney is to maintain the composition of extracellular body 
fluids by filtration and reabsorption processes, the loss of 
renal function is reflected by oligonuria and a steady rise m 
the concentrations of urea and creatinine m plasma. The major 
causes of ARF are either ischemia or toxic insult to the kidneys, 
induced by acute circulatory shock. 
Acute renal failure is a process rather than a state. It 
begins with cellular damage initiated by primary insult and it 
conrinues until renal function and structure have essentially 
recovered due to reperfusion of blood or by the administration of 
various drugs or hormones. Although the time course of injury and 
recovery overlap and are variable due to degree of damage. 
However, ARF can be grossly divided into three phases, 
pathogenetic phase, manifestation phase and recovery phase. In 
the first phase, a progressive disintegration and necrosis 
especially of epithelial tubular ceils have been observed leading 
to the functional loss of the kidney which is manifested by the 
reduction in mulin clearance together with oligouria (37). In 
the second phase, long lasting effects are observed that severely 
affect the clearance of both creatinine and mulin that can 
continue for several days after recovery begins, depending on the 
degree of renal damage. Other additional adverse effects are not 
observed and the recovery processes are not being initiated. In 
the recovery phase there is increase in urine production followed 
by a gradual increase in the concentrating ability of the kidney 
with eventual normalization of kidney function. 
A variety of experimental models have been used to study 
ARF. In experimental animals ischemic renal damage can be 
produced by temporary occlusion of one or both renal arteries. 
Less than one hour of temporary ischemia m rats causes damage to 
the tubular cells and anuria but the changes, both structural and 
functional were reversible. However, prolonged occlusion of renal 
artery causes irreversible structural and functional alterations. 
It has been observed that unilateral ischemic ARF causes 
compensatory hypertrophy of the contralateral kidney and the time 
taken for recovery of the kidney m the unilateral model was much 
slower and less complete than m the bilateral model. Other 
models of ARF are those in which the causes of the ARF were toxic 
agents such as heavy metals (1, 11), chemicals (2-9) and drugs 
(10, 19). Generally, ARF caused by drugs and chemicals was much 
more severe and irreversible and the recovery sometimes was not 
at all possible. The pathophysiologic mechanism of ARF has been 
investigated extensively in the last few decades (12). Although a 
number of structural and functional changes involved in ARF were 
observed, but due to the varying experimental conditions in which 
they were observed, and to the models, no single possible 
pathogenic mechanism to explain ARF could be concluded (12). 
Four major possible causes of ARF have been generalized which 
include renal vasoconstriction, glomerular permeability, tubular 
obstruction or tubular leakage. Several preventive measures have 
also been utilized; but a definite answer for the pathogenesis 
and its control however remain the topics of the future studies. 
Pathophysiology of Acute Renal Failure 
Ischemia or toxic agents are known to cause acute and/or 
chronic renal failure leading to the partial or total loss of 
normal excretory functions of the kidney. The acute renal failure 
is accompanied by a simultaneous but steady rise m plasma 
creatinine and urea concentration. Classical concepts regarding 
the cause of the loss of renal functions after ischemia include 
tubular leakage across the damaged epithelium, tubular 
obstruction by casts formation or interstitial compression, a 
decrease in renal blood flow (RBF), and glomerular filteration 
rate (GFR) or glomerular membrane permeability. However, due to 
lack of support for a satisfactory explanation for the loss of 
renal function following ischemia, some of the above factors were 
not implicated as the only basis for initiating the damage caused 
by ischemia. The reason was inconsistency of the presence of the 
above factors during ischemia. Raised intratubular pressure 
indicative of tubular obstruction was not consistantly present 
(13). A decrease in RBF was frequently observed but was often 
lacking (14) and a reduction in glomerular permeability was 
able to explain only a depression in filtration rate and not a 
decrease in blood flow or tubular function (15-17). Thus, the 
extensive research of the past 40 years using morphologic, 
clearance and micropuncture technique was unable to provide a 
universal view regarding the mechanism for the pathogenesis of 
ARF. Another reason was that most of the explanations were based 
on structural alterations rather than on functional ones. Mason 
in 1986 (12) provided a new explanation for the old concepts. In 
his view, vascular congestion occured due to ischemia was an 
appropriate answer to the loss of renal functions. Mason et al 
(1984) and others demonstrated that tubular congestion to a 
greater degree in the medulla than in the cortex occured due to 
the aggregation of erythrocytes (18-20) after ischemia showed a 
closely related variation with that of the ischemic impairment of 
renal functions. It was also observed that reduction in the 
medullary congestion was able to improve renal function with 
concomittant improvement in RBF (21, 22). Since vascular 
congestion was responsible for the loss of function, the 
reduction in the congestion by restoration of perfusion could 
improve the renal function first by increasing filtration rate 
and delivery of filtered fluid to the tubule and secondly by 
improving the delivery of oxygen and substrates to the tubular 
epithelium. Thus it seems most probable that after ischemia to 
large extent, the restricted reperfusion resulting from vascular 
congestion lowers both the filtration rate and tubular 
reabsorption that led ultimately to tubular necrosis. 
The above concept of vascular congestion after ischemia is 
very well supported by various morphologic as well as functional 
features which are observed during ARF and would also be able to 
explain certain basis for the prevention or the treatment of ARF. 
The morphologic explanation for vascular congestion is based on 
the following features. The congestion is caused primarily by 
the reversible aggregation of erythrocytes (20) that is caused 
due to the uptake of fluids into ischemic cells from the plasma 
leading to cell swelling which is consistently observed during 
ischemia. It has been observed that congestion occured both in 
the medullary and cortical regions, however, to a greater extent 
in the medullary region where blood flow is sluggish and 
spontaneous recovery is rarely possible after reperfusion. The 
congestion may therefore be responsible for poor perfusion and 
reduction in GFR and RBF creating a "no flow phenomenon". It has 
been documented (12) that vascular congestion occured both in 
subcortical as well as deep medullary regions. However, reflow 
studies showed that congestion produced due to ischemic or toxic 
insult disappears from the cortical region but remained for a 
longer duration in the medullary region (23). Patchy cortical 
necrosis (24) often segmental in nature (24) was also found to be 
another morphological feature observed both in the experimental 
model (24) and m the shock kidney (25). Finally, tubular 
obstruction was also considered to be the cause of vascular 
congestion (26-28) that has occured mainly due to the generation 
of tubular cast. Thus it appears from the above observations that 
vascular congestion may be one of the factors responsible for 
cell necrosis, cast formation and tubular obstruction that may 
lead to ARF. 
Tubular Obstruction 
In the recent view the mechanism of ARF is thought to be 
located more at the tubular level than at the vascular level. 
However, the phenomenon was first proposed by Ponfick (29) m 
1875. He found that nephrons and collecting ducts were filled 
with precipitates of chromoproteins and suggested that casts may 
cause tubular obstruction and in this way may be an important 
factor in the pathophysiology of ARF. Indeed cast formation 
and/or tubular obstruction appears to play a definitive role in 
the reduction of GFR as has been observed in most experimental 
models particularly in ischemic ARF (39) and has been 
demonstrated m mercuric chloride (30), gentaraicm (31), 
myohemoglobinuric (32) ARF. Dibona (33) later noted a strong 
correlation between cast formation and blood urea nitrogen (BUN) 
concentrations. Cushner §t al (34) observed a strong inverse 
correlation between the number of casts and the m u l m clearance. 
Richards and Dibona (35) also found a significant correlation 
between the number of casts and serum creatinine m glycerol 
model of ARF and Solez §t al (36) noted the same in pedicle 
clamp model of ARF. 
The evidence for a functional role of casts and/or 
obstruction m the pathophysiology of ARF comes mainly from 
morphologic and raicropuncture studies. The proximal tubule along 
the length of the nephron is now unequivocally considered to be 
the principal site of damage in experimental or drug induced ARF, 
that is characterized by a progression of the well defined 
events. It is believed that obstructive material originates 
largely from damaged proximal tubular epithelium. During the 
early phase of ARF, exfoliated brush border microvilli sloughed 
into the lumen which might be narrowed down by cell swelling. 
During the manifestation phase, casts of compact cell debris and 
hyaJin cylinders and other damaged materials generate the 
obstruction not only in the proximal tubular lumen but also in 
more distal nephron segments affecting the reabsorptive and 
concentrating abilities of the ischemic kidneys due to cell 
necrosis (37). Donohoe et al (38) in their studies on ischemic 
ARF observed that occlusion of renal artery for short durations 
(15 m m ) had little morphologic or functional alterations. 
However, 25 m m ischemia with early reflow period showed cellular 
necrosis and obstruction which was dependent on the duration of 
ischemia as well as on the duration of reperfusion (39). Both 
proximal convoluted as well as straight tubules were greatly, but 
differentially affected (39). This work confirmed the earlier 
findings of Tanner and Sophasan (40) m which they also noted 
proximal tubular dilation and obstruction m the early reflow 
period and the presence of distal cast formation at 24 hr. In 
volume expanded rats, Arhendshorst (41) also reported similar 
findings and obstruction was observed but without variation in 
the GFR after 24 hr of reflow, which was also confirmed by 
Tanner and Steinhausen (42) in later studies. Additional support 
for intratubular obstruction playing an important role in the 
pathophysiology of ischemic ARF comes from comparison of 
measurements of single nephron glomerular filtration rate (SNGFR) 
and total kidney GFR. Tanner et al (43) noted that while SNGFR 
declined by 30%, the whole kidney GFR was reduced by 90%. This 
discrepancy between the SNGFR and GFR might have been due to 
location of the nephron from which SNGFR was determined. Mason et 
al (44) recently reported that SNGFR measured in the superficial 
nephron following renal ischemia may not be representative of 
deeper nephrons because they were partly protected by ambient 
oxygen concentration during the ischemia and that deeper nephrons 
that are not exposed to oxygen were more severely affected. 
Significant amounts of back leak may also be another reason for 
the above discrepancies. 
In summaryr obstruction most likely play a major role in the 
pathophysiology of ARF. Whatever may be the exact mechanism for 
the pathophysiologic changes observed in ARF, proximal tubular 
cell injury might be the major cause for the loss of renal 
function after ischemic or toxic ARF (44). Trump et al (45, 46) 
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have described detailed morphologic changes which occurred due to 
injury to proximal tubules in ischemic ARF. Seven stages of 
cellular in:)ury have been observed, some of them were reversible 
and a few were irreversible depending upon the duration, type of 
insult and susceptibility of the particular cell to the injurious 
stimulus. Following an ischemic injury, in stage one, cellular 
oxygen tension decreases with a rapid decline m mitochondrial 
phosphorylation and cellular ATP levels (47, 48) inducing 
anaerobic glycolysis which in turn causes a decrease m cytosolic 
pH and subsequent clumping of nuclear chromatin. The decreased 
ATP levels also leads to impairment of cell ion pumping systems 
+ + + + 
initiating the redistribution of ions such as Na , K , and Ca 
In stage 2, the redistribution of ions and water leads to 
swelling of the endoplasmic reticulum (ER) lumen and accumulation 
of ions withm mitochondria (49, 50), causing changes in cell 
shape due to malfunctioning of the microtubules and 
+ + 
microfilaments because of the presence of higher Ca ions. 
Stage 3 was characterized by mtracristal swelling of 
mitochondria and dilation of ER due to continued ion shifts. The 
imbalance of ions thus created was associated with loss of both 
free and bound polysomes causing cessation of protein synthesis. 
Thus far the consequential changes due to ischemia are considered 
11 
to be reversible. 
Stage 4, was considered as a transition phase that initiates 
cell death. Some mitochondria at this stage begin to show 
swelling of their inner matrical compartments with small dense 
aggregates, perhaps of, reversibly denatured matrix proteins. Tho 
+ + 
continued increase in the cytosolic Ca ion result in 
phospholipase activation, causing breakdown of phospholipids and 
the accumulation of free fatty acids. 
The later remaining stages (5-7) were considered to be 
irreversible. In stage 5, high amplitude swelling of all 
mitochondria was observed and large flocculent densities either 
due to protemaceous material (51) or lipids (52) appeared within 
the mitochondrial matrix. There was an increase in the membrane 
permeability with diffusion of enzymes, lipids and other cell 
factors. Large membrane discontinuation was seen and chromatin 
digestion also occurred at this stage. Necrosis with digestion of 
cellular constituents characterized stage 6. Karyolysis, 
lysosomal disruption and changes m staining properties of 
cellular components were also apparent at this stage. The final 
degradation of the cell and the appearance of myelin figures and 
the total absence of enzymatic activity signaled the final stage 
I.e. stage 7. 
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The progression of cell death appears to involve atleast two 
mechanisms (53, 54). The first mechanism which is independent of 
+ + 
extracellular Ca ions, involves disruption in the integrity of 
the plasma membrane either by ischemia or by direct cell membrane 
damage. The second mechanism is the functional consequence of an 
injurious stimulus, and most likely involves the influx of 
extracellular calcium down its steep concentration gradient. It 
appears from these studies that the increa-sed cytosolic Ca may 
in some manner initiate many of the catabolic processes that 
effect the transition from a reversible type injury to an 
irreversible one that inevitably leads to necrosis. Based on the 
+ + 
above observations and others (55) Ca ions are implicated as 
being one of the major factors of ischemic and toxic ARF (56, 
57). 
To conclude, it appears that ischemia directly leads to 
decline m the rate of oxidative phosphorylation due to lack of 
availability of oxygen. A fall m cellular ATP level develops. 
Ischemia also promotes redistribution of intracellular pools of 
+ + 
ions especially that of the Ca ion pools and results in 
phospholipase activation and phospholipid degeneration leading to 
a net loss of membrane phospholipids and hence the membrane 
integrity and functional capability. 
13 
Cellular Mechanism of Nephrotoxic or Ischemic ARF (Protection 
and Regeneration) 
It is now becoming increasingly clear that the final pathway 
for the development of both ischemic and nephrotoxic ARF is renal 
tubular cell injury (58, 59). It occurs mostly due to segmental 
necrosis that might initiate a variety of factors responsible at 
the nephron level for excretory failure of the kidney. A better 
understanding of the cellular and molecular events that occur 
after the cell is subjected to injurious stimulus may not be 
possible unless related preventive or controlling measures are 
devised for the damage. When acute renal failure is associated 
with structural damage, recovery depends on the repair and 
replacement of injured necrotic tubular cells (24, 61). An 
understanding of the mechanism by which the cells repair the 
injury and regenerate, would permit a more rational approach 
towards treatment or prevention. 
A major principle underlying the treatment of acute renal 
failure is that the kidney lesions can heal by themselves. Renal 
regeneration and repair are however, anabolic processes that must 
be carried out in a setting of systemic catabolism. 
Hypercatabolism during ARF often aggravates nitrogen retention 
and results in loss of lean body mass. A sufficient supply of 
14 
protein and non-protein calories often causes anorexia, nausea 
and vomiting, preventing adequate oral intake. The loss of renal 
excretory capacity severely limits the volume of the nutrients 
containing solutions that can be infused. Therefore, these 
clinical observations suggest that the rate of renal regeneration 
must be sub-optimal. Some attempts have been made to reverse the 
catabolic state. Glucose, essential aminoacids, a-keto~analogues 
of essential amino acids, a mixture of essential and non-
essential amino acids have been found to increase the survival 
after the ARF episode (62). Solez et al (63) reported a 
beneficial effect of propranolol & clonidme. Also raannitol, 
furosemide, dopamine, prostaglandins, and bradykmin have been 
shown to prevent the functional defect m some models of ARF. 
Recently, calcium channel blockers like verapamil have been 
included in the above group (64-66). 
ATP is the primary energy source of the body. Hydrolysis of 
high energy phosphate bond of ATP provides energy for vital cell 
functions. Renal ischemia, consequently causes depletion of 
tissue levels of ATP, ADP and AMP (67). It has been proposed that 
resynthesis of ATP by the ischemic kidney depends upon the 
concentration of the precursors of ATP and a decrease m the 
precursors diminishes resynthesis of ATP following ischemic 
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injury. Seigel et al (68, 69) showed that administration of 
adenine nucleotides (ATP, ADP and AMP) combined with magnesium 
chloride ameliorates the renal function after the initiation of 
acute renal failure. Various other agents like epidermal growth 
factor (70, 71), endothelin (73, 74), atrial natriuretic factor 
(72), defibrotide (75, 76), glycine and glutathione (8) and 
thyrcxine-T4 ^ H ' ^^^ have been shown to control renal failure 
either due to toxic insult and/or ischemia. Various hydroxyl 
radical scavengers like superoxide dismutase (83), dimethylthio-
urea (DMTU) and allupurinol (80-82) when administered just prior 
to the ischemic event have been reported to ameliorate renal 
function. 
Mason (12) after analysing the intracellular elemental 
concentration of the surface proximal tubular cells after 
ischemia revealed that the disturbances in the element 
+ + 
composition and cell swelling typical of the loss of Na /K pump 
dctivity, reversed rapidly on restoration of blood flow. After 
two minutes of reperfusion these alterations had started to 
reverse and by 20 m m of reflow the element composition was 
largely restored to control values (84). Since the surface 
nephrons were functioning well soon after ischemia, but the whole 
kidney was functioning poorly, because it is the deeper nephrons 
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it is the deeper nephrons that are responsible for the failure of 
the whole kidney, mainly due to restricted blood flow to the 
renal medulla which is the result of vascular congestion with 
accumulation of erythrocytes in the inner stripe of medulla (20). 
This erythrocyte aggregation, vascular congestion and blood 
stasis limit reperfusion after ischemia. Cell swelling is known 
to be readily reversible not only in superficial tubules after 
ischemia (44) but also in renal tissue swollen by other means 
(87). Thus the only way to benefit the kidney is to restore 
reperfusion, allow oxygen and substrates to be delivered to the 
deeper nephrons and permit them to undergo same recovery 
processes as for the superficial nephrons. 
SCOPE OF THIS DISSERTATION : 
Renal ischemia results in profound alterations in tubular 
cell functions (59, 43), metabolism (60, 77) and structural 
integrity (79, 85). Studies involving ischemic and/or toxic ARF 
showed that renal proximal tubular cells are especially affected 
(86) and that these tubular cells undergo dynamic transformations 
during reflow leading to renal dysfunction (86, 88). The damage 
that occurred to proximal tubular cells, the main functional site 
where most of the fluid, ions and molecules are reabsorbed (89, 
90), are not known essentially unless a reflow is followed by 
17 
removing the ischemic insult. Both the early damage due to 
ischemia or early recovery due to reflow are difficult to follow. 
However, their knowledge is very much essential for better 
understanding of the pathophysiology of ARF. It has been 
suggested that the proximal tubular brush border membrane (BBM) 
is badly affected by ischemic or toxic insult (86) and is mainly 
responsible for the loss of secretory functions. The effect of 
ischemia on the proximal tubular cells (38, 91) has been 
manifested in rats by the disappearance ' of brush border 
microvilli after a brief period of ischemia per se 30 min (79, 
92) and irreversible interiorization of microvilli and loss into 
the lumen (85) when the ischemic period lasted for more than 60 
min and was followed by cellular necrosis and ARF (93). The 
proximal tubular cell membrane has been found to be 
histologically regenerated in the former case upon reperfusion 
of blood within 6 hr. Physiologic alterations of BBM due to 
ischemia implicating surface membrane dysfunction include, loss 
of selective permeability (38), reductions in the activity of BBM 
associated enzymes (93) and decrease in proximal tubular fluid 
reabsorption (94), sodium and glucose transport (88). Paddock et 
al (93) using a 25-30 min clamp model have demonstrated a loss of 
50% activities of BBM-enzymes, alkaline phosphatase and T-
glutamyl transferase, decreased incorporation of H-leucine into 
18 
BBM proteins (also protein content) and increased incorporation 
14 
of C-choline into BBM-phospholipids (93). The reported loss in 
BBM-biochemical parameters (structural component) has been shown 
to be partially recovered after reflow of blood to ischemic rats 
(93). These authors further demonstrated a decline in the BBM 
glycoprotein content during ischemia and the loss was recovered 
3 
after reflow as measured by H-fucose incorporation into membrane 
glycoproteins indicating that glycoprotein recycling occurs to a 
large extent in the ischemic kidney (95). In another study, 
Herminghusen et al (96) and Desmouliere and Cambar (97) observed 
an increase in urinary F-glutamyl transferase activity in 
ischemic rats indicating the alterations in the brush border 
membrane. Increased fractional sodium excretion together with 
incrfiased renal oxygen consumption was also observed (96). Thus, 
the above studies clearly indicate the alterations in BBM 
structure and functions due to ischemia and subsequent reflow. 
Heterogeneity of the proximal tubule in terms of both 
structure and function is well known (98, 99). It has been shown 
that proximal tubules which consists of S]^  (pars convoluta) , 
S2, and S3 (pars recta) subsegments, differ in the distribution 
of marker enzymes (98, 100), reabsorptive properties of various 
solutes, and they are differentially responsive to various drugs 
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(107), hormones (101, 102, 104) and dietary stresses (103, 
105, 106). Mason (12) has reported that these nephron subsegments 
were also differentially affected by ischemia. While the surface 
nephrons (S^-subsegment) showed little effect, the deeper 
nephrons (S3-subsegment) were severely damaged (12). It has been 
further reported that nephron functions, early after ischemia, 
were suppressed to a small extent in surface nephron, were more 
affected in the middle nephrons and particularly severely 
depressed in the deep ones (12). In gentamicin and other 
aminoglycoside antibiotics induced toxic insult, showed specific 
effects in proximal convoluted tubular (PCT) segments (107-110) 
while proximal straight tubule (PST-pars recta) segment was 
shown to be more sensitive to oxygen deprivation and ischemia 
(85, 111, 112). Recently Ruegg and Mandel (113) reported that PCT 
subsegment was more responsive to anoxia-induced injury under in 
vitro conditions contrasting to the in vivo conditions in which 
PST was considered to be maximally damaged due to ischemia. 
However, topographic studies performed after ischemia with reflow 
in rat kidney showed a different ideology about the pathogenesis 
of ARF in proximal tubules. Shanley et al (112) described that 
the effect of ischemia-reflow combine on proximal tubular 
segments was dependent both on the time of ischemia as well as 
on the time of reflow. Si subsegments were selectively sensitive 
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to short-term ischemia, while S3 subsegments were particularly 
sensitive to long term ischemic effects. These authors suggested 
the possibility of two distinct mechanisms of proximal tubule 
necrosis in ischemia and reflow. One is based on an intrinsic 
vulnerability to ischemia per se, due to a limited capacity for 
anaerobic glycolysis and dependence on oxidative metabolism 
(100). Studies with metabolic inhibitors suggest that this 
dependence is most marked in S^^ and least marked in S3-
subsegments (114). The second mechanism relates to inadequacy of 
oxygenation during the reflow period and resulted in a 
distribution of injury indicative of a relationship to 
perivascular gradients of oxygenation. This mechanism is probably 
the major determinant of the vulnerability of the S3-subsegraent 
in the ischemia-reflow model (112). Several other factors 
included in causing damage to proximal tubules besides oxygen 
availability were calcium ions, ATP depletion and oxygen and 
hydroxyl free radical formation. However, Molitoris et al (115) 
has implicated variations in lipid contents or fluidity of the 
membrane as one of the major aspirant for ischemic and toxic ARF. 
In view of the above observations, the present 
investigations were undertaken to study the differential effects 
of ischemia and ischemia-reflow on various populations of 
21 
proximal tubular brush-border membrane marker enzymes activity 
isolated from superficial (SO and juxtamedullary (JMC) cortical 
parts of rat kidney. The results of the present study showed that 
the activities of alkaline phosphatase (APase) and F-
Glutamyltransferase (GGTase, marker enzyme for S3-PST segment) 
were affected differentially by ischemia and ischemia-reflow. 
I V L A T E R I A H . A^ISTD M E T H O D S 
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M A T E R I A L S 
A n i m a l s 
Swiss Albino male rats were purchased from Experimental 
Animal Facility Centre, AIIMS, New Delhi. 
Enzyme Substrate : 
p-Nitrophenyl phosphate for alkaline and acid phosphatases, 
r-Glutamyl p-nitro-anilide for T-Glutamyl transferase and ATP for 
+ + Na. -K ATPase were purchased from Sigma Chemical Co., USA, 
Miscellaneous 
The other chemicals used were of finest quality commercially 
available and their source is indicated against them. Glass 
distilled water was used in all experiments. 
Chemical 
Acetic Acid 
Ammonium Molybdate 
Bovine Serum Albumin (BSA) 
Cholesterol 
Copper Sulfate (CUSO4) 
Creatinine 
Ferric Chloride (FeCl3) 
Ferrous Sulfate (FeS04) 
Source 
Qualigens, India 
Glaxo, India 
SISCO, India 
J.T. Baker Chemical Co., USA 
BDH, India 
BDH, India 
Ranbaxy Lab., India 
Ranbaxy Lab., India 
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Folin's Phenol Reagent Loba Chemical Co., India 
Glycine E.Merck, India 
Glycylglycine Loba Chemical Co., India 
N-2-hydroxyethyl-piperazine-N-2-
ethane Sulphonic acid (HEPES) 
Sigma Chemical Co., USA 
Hydrochloric Acid (HCl) E.Merck, India 
Magnesimn Chloride (MgCl2) Qualigens, India 
Magnesium Sulfate (MgS04) Sarabhai Chemicals, India 
Mannitol CDH, India 
p-Nitroanilide Sigma Chemical Co., USA 
p-Nitrophenol Loba Chemical Co., India 
Ouabain Sigma Chemical Co., USA 
Pentobarbital Sodium Sigma Chemical Co., USA 
Perchloric Acid Qualigens, India 
Picric Acid Qualigens, India 
Potassium Chloride (KCl) Glaxo, India 
Potassium Dihydrogen Orthophos-
phate 
Qualigens, India 
Sodium Acetate Glaxo, India 
Sodium Carbonate (Na2C03) Qualigens, India 
Sodium Chloride (NaCl) E.Merck, India 
Sodium Hydroxide (NaOH) E.Merck, India 
Sodium Lauryl Sulfate (SDS) CDH, India 
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Sodium Potassium Tartarate Qualigens, India 
Sulfuric Acid (H2SO4) Qualigens, India 
Trichloroacetic Acid (TCA) Loba Chemical Co., India 
Tris-(Hydroxymethyl) aminomethane Sigma Chemical Co., USA 
M E T H O D S 
A n i m a l s : 
Young, male Swiss-albino rats weighing 175-250 g 
(Experimental Animal Facility Centre, AIIMS, New Delhi), were fed 
standard rat chow (Amrut Laboratories, Poona, India) and allowed 
free access to water. They were anaesthetised by an 
intraperitoneal injection of pentobarbital sodium (50 mg/kg body 
wt.). The abdomen was opened by a left flank incision and the 
left renal artery was carefully separated from the renal vein. 
Ischemia was produced by clamping the artery with non-traumatic 
arterial clamps for desired time intervals. After occlusion of 
the renal arteries, the abdominal viscera were covered with 0.9% 
(w/v) NaCl soaked gauze. During renal artery occlusion, the 
ischemic kidney blanched immediately, followed by a color change 
to a dark violet. With reflow, the kidney resumed its normal 
color, usually within 1 min. Whenever required, the right kidney 
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was used as contralateral for comparative studies. Sham operated 
rats were subjected to same surgical procedures described except 
that the renal artery was not clamped. Two milliliters of blood 
was withdrawn from left jugular vein for analysis of serum 
parameters before the sacrifice of the rats. 
Brush Border Membrane (BBM) Preparation : 
At the end of the experiment the kidneys were removed, 
decapsulated and were kept in ice-cold buffered saline (154 mM 
NaCl, 1 mM Tris-HEPES, pH 7.5). The cortical tissue was carefully 
separated for the preparation of BBMV from superficial (SO and 
juxtamedullary (JMC) cortex as described by Yusufi et al (102). 
In brief, the cortical part of the rat kidney was cut by razor 
blade in the middle of the cortical thickness (Fig. 1) between 
the kidney surface and corticomedullary junction. The 
juxtamedullary part of the cortex was carefully separated from 
superficial cortex. The outer cortical zone, superficial cortical 
tissue (SO "SC-tissue" was used as a starting material for BBMV-
SC preparation. Since, in rat kidney, straight portions of the 
proximal tubules dip beyond the corticomedullary junction, the 
outermost layer of adjacent medulla (outer stripe of outer 
medulla) was included to juxtamedullary cortical tissue i.e. "JM-
tissue". 
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BBMV-SC 
BBMV-JM 
CORTEX 
MEDULLA 
PAPILLA 
Fig. 1. Anatomical parts of the kidney - A 
longitudinal view. 
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The BBM vesicles (BBMV) from superficial cortex (BBMV-SC) 
and BBMV from juxtamedullary cortex (BBMV-JMC) of the same kidney 
were prepared simultaneously by the method of Schiratz et al (116) 
using MgCl2 for precipitation of membranes other than BBM as 
described by Yusufi and Dousa (117) (Fig. 2). In each experiment, 
tissues from three to six rats, control or experimental, were 
pooled to obtain a sufficient amount of starting material. All 
the steps involved in the preparation of BBM were strictly 
carried out at 0-4''C unless otherwise specified. 
a) The cortical tissue for the preparation of BBMV from SC-
cortex and JM-cortex was homogenized in a buffered solution 
containing 50 mM raannitol, 5 mM Tris base/HEPES, pH 7.0 (5 
ml/g tissue) with four complete passes by Potter-Elvejhem 
homogenizer. 
b) The homogenate was diluted with the above solution (20 ml/g 
tissue) followed by high speed homogenization (Ultra-Turrex 
T25, IKA-Laportechnik) with three pulses of 30s each with 
30s interval in between each pulse. Aliquouts of cortical 
homogenates were saved and quickly frozen for further 
analysis. 
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RAT RENAL CORTEX 
CORTICAL HOMOGENATE SOmM MANNITOL 
I 5mM TRIS-HEPES, pH 7.0 
I HIGH SPEED 
j HOMOGENIZATION 
(Ultra-Turrex) 
BBMV IN HOMOGENATE 
+ 2 iMg PRECIPITATION 
& CENTRIFUGATION AT 
2000 X g FOR 10 min 
PELLET BBMV IN 
DISCARDED SUPERNATANT 
IBBMV PURIFICATION 
jBY CENTRIFUGATION 
|AT 35000 X g FOR 
I 30 MIN 
BBMV 
SUSPENDED IN 
300raM MANNITOL 
SmM TRIS-HEPES 
pH 7.4 
Fig. 2 : Schematic representation of BBMV preparation 
from rat renal cortex. 
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c) 1 M MgCl2 was added to the homogenate (final cone. 10 raM) 
and was kept for 20 min with intermittent shaking. 
d) The homogenate was then centrifuged at 2000x g (4000 rpm) 
for 10 rain in a Beckman J2-21 refrigerated centrifuge using 
JA-17 rotor. 
e) The pellet was discarded and the supernatant was 
recentrifuged at 35000x g (17000 rpm) for 30 min. 
f) The pellet thus obtained was resuspended in a solution 
containing 300 mM mannitol, 5 mM Tris base/HEPES pH 7.5 with 
four passes by a loose fitting Dounce homogenizer (Wheaton, 
USA) and centrifuged at 35000x g (17000 rpm) for 20 ram in 
15 ml cortex tube using JA-20 rotor. 
g) The white outer portion of the fluffy pellet was resuspended 
carefully in a small volume of buffered 300 mM mannitol, 
leaving the dark brown centre of the pellet undisturbed 
(mitochondrial contamination). 
h) The steps f and g were repeated twice and the final pellet 
was resuspended m buffered 300 mM mannitol. 
The suspension thus obtained was homogenized by hand held 
Douncer or passed through a needle no. 21. The membrane 
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suspension vias quickly frozen in small aliquots and used for 
protein and enzyme analysis. 
In the reflow experiments, ischemia was produced for the 
desired time as described above. The kidneys were then reperfused 
by allowing the blood to flow after removing the clamp for 
different time intervals. Blood was withdrawn for serum analysis. 
The BBM from superficial and juxtamedullary cortex was prepared 
as described earlier. 
CHEMICAL METHODS 
Serum Deproteination 
The serum samples were deproteinated by adding 4.5 ml 3% TCA 
to 0.5 ml serum. After 10 min incubation at room temperature the 
samples were centrifuged at 2000x g (4000 rpm in Remi Centrifuge) 
for 10 min Supernatant was used to quantitate serum creatinine 
and inorganic phosphate (Pi) and the precipitate was saved for 
total serum phospholipid (PL) analysis. Cholesterol was 
determined directly from serum samples. 
i) Quantitative determination of Creatinine 
Creatinine was determined by the method of Levinson and 
Macfate (118) 
Solutions Used : 
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10% NaOH 10 gm NaOH dissolved m 100 ml 
distilled water 
Saturated Picric Acid 2.5 gms of Picric acid was dissolved 
in 100 ml distilled water. The undis-
solved picric acid was filtered 
through Whatmann No. 1 filter paper. 
Procedure 
To 1 ml of the supernatant, 1 ml 10% NaOH and 4 ml saturated 
picric acid were added and incubated for exactly 20 mm. A 
calibration curve was prepared simultaneously using a known 
concentration of creatinine solution ranging between 2.0-50 yg. 
The samples and the standards were read at 520 nm in Spectronic 
20 spectrophotometer (Bausch and Lomb) against a reagent blank. 
11) Determination of Inorganic Phosphate : 
Inorganic phosphate was measured according to the method of 
Tauskv & Shorr (119) . 
Solutions Used : 
Ferrous sulfate (FeS04) 
Reagent 
5 gra of FeS04 was dissolved in 10 ml 
10% (w/v) Ammonium molybdate m 10 N 
H2SO4 and was diluted to 100 ml with 
distilled water. 
Procedure : 
The serum supernatant (1 ml) was diluted to 4 ml with 
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distilled water and 1 ml of FeS04 reagent was added. A 
calibration curve was prepared simultaneously with test samples 
using the known concentration of potassium dihydrogen 
orthophosphate (0.018 umoles to 0.28 ymoles) solution as 
standard. The blue colour obtained was read after 20 min at 820 
nm in Spectronic 20 spectrophotometer (Bausch & Lomb) against a 
reagent blank. 
ii1) Quantitative Determination of Total Serum Phospholipids (PL) 
Phospholipids were determined by digestion method with 
perchloric acid as described by Bartlet (120), modified by 
Marinetti (121) and inorganic Pi thus released was measured by 
the method as described by Tausky and Shorr (119). 
Solutions Used : 
Perchloric Acid (70%) 
FeS04 reagent (described as above in Pi determination). 
The precipitates obtained from deproteination by TCA were 
digested with 1.0 ml perchloric acid (70%) on an electric 
digestion unit for about 45 min. On cooling to room temperature 
1.0 ml distilled water was added to all the tubes. 0.5 ml 
aliquots were used to determine the phosphate. The phosphate was 
determined by the method of Tausky and Shorr (119) as described 
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above. A calibration curve was simultaneously prepared by using 
known concentration of potassium dihydrogen orthophosphate (1.8 
Vg to 36 yg) solution as standard. The phospholipid values were 
obtained after multiplying the phospholipid phosphorous by a 
factor of 25. 
iv_) Quantitative Determination of Cholesterol 
Cholesterol was estimated by the method of Zlatkis et al 
(122) . 
Solutions Used : 
Glacial Acetic Acid 
Ferric Chloride (FeCl3) - FeCl3 reagent was prepared by dilut-
reagent m g 1 ml of 10% ferric chloride (w/v) 
m glacial acetic acid to 100 ml of 
concentrated sulfuric acid. 
Procedure : 
To 3 ml of acetic acid, 30 ul of serum sample was added. To 
this, 2 ml of FeCl3 reagent was carefully added from the side to 
allow the formation of a brown ring. The tubes were shaken 
thoroughly, cooled and colour density was read in a Baush and 
Lomb Sprectonic 20 spectrophotometer at 560 nm against a reagent 
blank. A cholesterol solution of known strength (0.02 to 0.2 mg) 
prepared in glacial acetic acid was used to prepare a calibration 
curve. 
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Protein Assay 
Protein was assayed fay a modified method of Lowry et al 
(123) as described by Shah et al (124). 
Solutions Used : 
Reagent A : 2.0% (w/v) Na2C03 and 0.4% (w/v) NaOH 
Reagent B^ : 1.0% (w/v) CUSO4 7H2O 
Reagent B2 : 2.0% (w/v) Sodium potassium tartrate 
Reagent C : Reagent A was mixed with B2 and Bj^  in the 
.ratio of 100:1:1 respectively 
Foiin's Phenol : Stock Folin's phenol reagent (2 N) was 
Reagent diluted in 1:1 ratio with distilled water 
for the assay of proteins. 
Procedure : 
Aliquots of cortical homogenate (CH) and brush border 
membrane (BBM) were mixed with 0.5% SDS upto 0.4 ml. To each 
Lube, 1.0 ml of Reagent C was added and exactly after 10 min of 
incubation at room temperature, 0.1 ml Folin's reagent was added 
with brisk shaking. The tubes were incubated for 30 min at room 
temperature. The blue colour developed was read at 660 nm in 
Spectronic 21 spectrophotometer (Bausch and Lomb). Aliquots of 
standard BSA (5-80 ug) in 0.5% SDS were also taken and run 
simultaneously. A tube containing only 0.5% SDS without protein 
sample was used as blank. The amounts of protein in CH and BBM 
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were determined from the calibration curve prepared by standard 
protein. 
Enzyme Assay 
All enzyme assays were conducted at zero order kinetics 
unless otherwise specified. The activities of each enzyme in CH 
and BBM from various comparing groups were determined 
simultaneously • under similar conditions by using same solutions 
to avoid day to day experimental variations. One unit of enzyme 
activity is defined as the amount of enzyme required to catalyze 
the formation of one ymole of product per hour under the 
specified experimental conditions. Specific activity is defined 
as the enzyme units per mg of enzyme protein. 
Alkaline Phosphatase (APase) (EC-3.1.3.1) Assay 
The activity of alkaline phosphatase m CH and BBM was 
determined according to the method of Shah et al (124) as 
described by Kempson et al (125), the details of which are given 
below : 
Solutions Used :-
Assay buffer - 55 raM glycine, 36 mM NaCl, 45 mM NaOH, 
pH 10.5 
Substrate - 0.6 M p-nitrophenyl phosphate m dis-
tilled water. 
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Stop reagent - 5 N NaOH. 
Dilution buffer - 10 mM Tris-HCl, pH 7.5. 
Procedure :-
Aliquots of CH and BBM were diluted with 10 mM Tris-HCl 
buffer pH 7.5 to obtain suitable enzyme protein concentrations 
for assaying the enzyme. The reaction mixture contained : 1.4 ml 
assay buffer; 100 ul enzyme (10-25 yg protein for CH and 4-8 ygm 
protein for BBM). The reaction was started by the addition of 15 
lil p-nitrophenyl phosphate (final cone. 5.8 mM) and incubated at 
30°C for the required time (5-20 min). The reaction was stopped 
by adding 50 yl 5 N NaOH. A calibration curve was prepared 
simultaneously by using various concentrations of p-nitrophenol 
(0.01-0.20 yraoles). A reagent blank was also prepared. The 
substrate and the stopping solution was also added in tubes 
containing standards and blank. The yellow color developed was 
read at 405 nm in Spectronic-21 spectrophotometer (Bausch & 
Lomb) . 
r-Glutamyl Transferase (GGTase) (EC-2.3.2.2) Assay : 
The activity of F-Glutamyl transferase in CH and BBM was 
determined according to the method of Glossmann and Neville (126) 
as described by Kempson et al (127), and the details of which are 
given below :-
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Solutions Used ;-
Substrate buffer - 20 mM MgCl2, 2 mM r-Glutamyl p-nitro-
anilide, 4 mM glycylglycine, 100 mM 
Tris-base, pH 8.2. 
Stop reagent - 15 M CH3COOH. 
Dilution buffer - 10 mM Tris-HCl, pH 7.5. 
Procedure :-
The preparations of CH and BBM were diluted with 10 mM Tris-
HCl buffer, pH 7.5 to obtain suitable enzyme protein 
concentrations for assaying the enzyme. The reaction was started 
by the addition of 100 ul enzyme (8-12 ygm for CH and 2-4 yg 
protein for BBM) to 1.9 ml substrate buffer and incubated at 37''C 
for the required time (3-15 min). The reaction was stopped by 
adding 100 yl 15 M acetic acid. A calibration curve was prepared 
simultaneously by taking various concentrations of p-nitroaniline 
(0.025-0.20 limoles). A reagent blank was also prepared. The 
stopping solution was added in tubes containing standards and 
blank. The yellow colour developed was read at 405 nm in 
Spectronic-21 spectrophotometer (Bausch & Lomb). 
+ + 
Na - K ATPase Assay : 
+ + 
The activity of Na /K ATPase was determined both in CH and 
BBM according to the method of Dousa (128). The details of the 
assay are given below :-
Solutions Used :-
3ft 
ATPase Buffer 7.2 mM MgS04, 120 mM NaCl, 24 mM KCl, 
and 48 mM Tris base, pH 7.6 adjusted 
with HCl. 
Substrate - 48 mM ATP. 
Ouabain buffer - ATPase buffer containing 12raM Ouabain 
Stop solution - 30% TCA. 
Dilution buffer - Tris-HCl pH 7.5 
Procedure : 
Aliquots of CH and BBM were diluted with Tris-HCl buffer, pH 
7.5 to obtain suitable enzyme protein concentrations for assaying 
the enzyme. The reaction mixture contained 1.0 ml ATPase buffer. 
Ouabain +ve or -ve and 100 yl enzyme (5-10 yg in both CH and 
BBM). The reaction was started in the presence or absence of 
Ouabain (final cone. 1.2 mM) by adding 100 ul ATP (final cone. 4 
mM) . The reaction mixture was incubated for 15 m m at room 
temperature and the reaction was stopped by adding 300 yl 30% 
TCA. A protein and an ATP blank was also prepared to check the 
hydrolysis of ATP. The samples were centrifuged at 3000 rpm m 
Remi table top centrifuge for 10 min. The inorganic pnosphate 
released by the action of the enzyme was estimated by the method 
of Tausky and Shorr (119) as described earlier. The difference 
between Ouabain sensitive and insensitive ATPase represents 
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Na+-K+ ATPase activity. 
Acid Phosphatase Assay : 
The activity of acid phosphatase was determined both m CH 
and BBM by the method of Verjee et al (129) and the details are 
given below :-
Solutions Used :-
Acetate buffer 0.05 M sodium acetate, pH 4.5,adjusted 
with acetic acid. 
Substrate - 8 mM p-nitrophenyl phosphate. 
Stop solution - 2 N NaOH, 
Dilution buffer - 10 mM Tris-HCl pH 7.5. 
Procedure :-
Aliquots of CH and BBM were diluted with 10 raM Tris HCl 
buffer pH 7.5, to obtain suitable enzyme protein concentrations 
for assaying the enzyme. The reaction mixture contained : 2.4 ml 
acetate buffer and 100 yl enzyme (35-50 ]xg in CH and BBM). The 
reaction was started by the addition of 0.5 ml p-nitropheny1 
phosphate (final cone. 0.8 mM) and incubated for 15 m m at 30°C. 
The reaction was stopped by adding 2 ml 2N NaOH. A calibration 
curve was prepared simultaneously by using various concentrations 
of p-nitrophenol (0.05-0.4 ymoles). A reagent blank was also 
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prepared. The substrate and the stopping solution was also added 
in the tubes containing standards and blank. The yellow color 
developed was read at 405 nm by Spectronic-20 spectrophotometer 
(Bausch & Lomb). 
R E S O L T S 
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Effect of Renal Ischemia on Serum Parameters 
Renal ischemia in rats was produced by occlusion of left 
renal artery for varying time periods (15 min, 30 min, 45 min and 
60 min) followed by a brief reflow of blood for 2 min before 
harvesting the kidney, and this procedure was used in all 
subsequent experiments as a baseline for Brush Border Membrane 
Vescicles (BBMVs) preparations. Serum levels of creatinine, 
inorganic phosphate (Pi), phospholipids (PL) and cholesterol 
(CHOL) were determined in control (Sham-operated) and ischemic 
rats. The results summarized m Table-1 indicate that ischemia 
causes a significant increase in all serum parameters determined 
as compared to sham-operated rats. The increase in serum levels 
of creatinine (47-172%), Pi (32-73%), PLs (67-354%) and CHOL (19-
68%) was linearly proportional to the duration of ischemia 
performed. 
Effect of Renal Ischemia on the Activity of Marker Enzymes of 
Brush Border Membrane (BBM) 
The activities of BBM marker enzymes i.e. alkaline 
phosphatase (APase) and F-Glutamyl transferase (GGTase) were 
determined both m cortical homogenates (CH) and BBMVs isolated 
both from superficial cortex (SO and juxtamedullary cortex (JMC) 
from control, contralateral and ischemic kidneys (see Methods for 
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details). As shown in Table-2 & 3, the activity of APase was 
lowered in ischemic rats both in BBMV-SC and BBMV-JMC as compared 
to the respective control or contralateral values. After 15 min 
of ischemia the activity of APase was reduced by 34% and 47% 
respectively m BBMV-SC and BBMV-JMC (Table 2 & 3). Prolonged 
ischemic condition caused further decrease in the activity m 
proportional to the duration of ischemia and the maximum decrease 
was observed after 60 ram of ischemia. Further, the decrease m 
the activity of APase appears to be greater in BBMV-JMC compared 
to BBMV-SC atleast after 15 or 30 min of ischemia (Fig 3 & 4). In 
ischemic rats, prolonged ischemia resulted m a relatively small 
decline m the activity of APase in both BBMV-SC and BBMV-JMC of 
contralateral kidney as compared to control values. No 
significant difference m the activity of APase was observed m 
CH of control, contralateral and ischemic kidneys. 
Similar to the effect on APase activity, ischemia caused a 
time dependent decline in the activity of GGTase both m BBMV-SC 
and BBMV-JMC (Fig 5 & 6). However, m contrast, the decrease in 
the activity of GGTase was initially smaller compared to the 
decrease m APase activity i.e. after 15 min ischemia (25-30%) 
but after 30 min ischemia the decrease was almost doubled (50%). 
Moreover, the maximum effect was also observed after 60 ram of 
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52 
ischemia (Tables-4 & 5). 
In addition, the activities of other enzymes, marker for 
other intracellular organelles were also determined both m CH as 
well as in BBMV-SC and BBMV-JMC. The activities of Na /K ATPase 
(for Basolateral membrane, BLM) and acid phosphatase (for 
lysosome), as shown m Tables-6 & 7 were not significantly 
different both m CH and BBMV(s) m ischemic, control as well as 
contralateral preparations. The activity of these enzymes was 
always less m BBMV(s) compared to that m CH(s) ruling out the 
possible contaminations of other organelles m BBMV(s) 
preparations and therefore could not be responsible for the 
reduction m BBM enzymes due to ischemia. 
Effect of Renal Ischemia on Kinetic Parameters of APase and 
GGTase in BBMV-SC and BBMV-JMC 
To further assess the effect of ischemia, kinetic parameters 
of APase and GGTase were determined in BBMV-SC and BBMV-JMC 
isolated from control, contralateral and ischemic kidneys after 
30 min ischemia. The results summarized in Table 8 & 9 (Fig 7-10) 
indicate that the decrease in the activity of APase m BBMV-SC 
and BBMV-JMC of ischemic kidneys appeared to be due to decrease 
m Vmax (40-46%) with no or small decrease in Km values as 
compared to the control values. However, the Vmax for APase both 
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Fig. 71 Double, reciprocal plot for 
after 30 min ischemia. 
APase m BBMV-SC 
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Fig. 8: Double reciprocal plot for APase in BBMV-JMC after 
30 rain ischemia. 
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Fig. 9: Double reciprocal plot for GGTase in BBMV-SC after 
30 tnin ischemia. 
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Fig. 10: Double reciprocal plot for GGTase in BBMV-JMC 
after 30 min ischemia. 
61 
in BBMV-SC and BBMV-JMC isolated from contralateral kidneys 
showed a compensatory (13-26%) increase m comparison to control 
values. In the case of GGTase (Table-9; Fig 1, 8) ischemia also 
caused decrease mainly in the Vmax both in BBMV-SC (64%) and 
BBMV-JMC (42%) with a rather small decline in Km values. The 
compensatory increase in the Vmax of GGTase was observed only m 
the BBMV-SC of contralateral kidneys (Table 9). 
Effect of Ischemia and Reflow On Serum Parameters 
To study the effect of ischemia and reflow on serum 
parameters renal ischemia was initiated similarly by occlusion of 
the left renal artery for 15 min and 30 min as described earlier. 
The blood was then allowed to reflow for varying time periods 
(upto 120 min). As observed earlier, ischemia either for 15 m m 
or 30 m m (with 2 m m reflow as baseline) caused a significant 
increase m serum levels of Creatinine, Pi, PLs and CHOL (Tables 
10 & 11). However, further reflow for 15, 60 or 120 m m had a 
reversal of the ischemic effect on serum parameters and the 
levels of serum Creatinine, Pi, PL and CHOL returned towards the 
control values showing the reversal of the affect of ischemia 
after reflow. The maximum effect of ischemia especially on serum 
PL levels was expressed after 15 min reflow and further reflow 
tended to bring the levels towards the control values. 
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Effect of Renal Ischemia-Reflow on the Activity of Enzymes 
Markers for BBMV 
The activities of APase and GGTase were determined in CH and 
BBMVs isolated from control, contralateral, and 
ischemic/reperfused kidneys. The results summarized in Tables 12-
15 indicate that the activity of APase and GGTase both in BBMV-SC 
and BBMV-JMC was further declined even after 15 min reflow 
following renal artery occlusion of 15 min and 30 min that is, 
the maximum decrease due to ischemia on BBMV enzyme activities 
was fully expressed after 15 min of reflow m the ischemic rats. 
However, further reflow resulted m the reversal of decrease in 
the activities and a significant increase was observed in the 
activity of APase both m BBMV-SC and BBMV-JMC both after 60 m m 
(25%, 11%) and 120 min (36%, 30%) compared to 15 m m reflow 
preparations. The results clearly indicate that the increase m 
the APase activity both in BBMV-SC and BBMV-JMC was greater in 
rats subjected to 30 m m ischemia (where the damage was also 
greater) compared to rats sub:)ected to 15 m m ischemia. The 
activity of APase appeared to increase more m BBMV-SC uhan in 
BBMV-JMC after 30 min of ischemia. The activity of APase m 
contralateral kidney was not effected and remained constant after 
reflow for varying time intervals. However, contralateral 
preparations, after 30 m m of ischemia showed a small but 
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69 
progressive decline of the enzyme activity with the time of 
reflow. There was no significant effect on the activity of APase 
in CH due to reflow for different time intervals (data not 
shown) . 
Similar to the effect on APase activity, reperfusion of 
blood for 15 m m to the ischemic kidneys caused a further decline 
m the activity of GGTase both m BBMV-SC and BBMV-JMC (Table 14 
& 15) both in 15 min and 30 min ischemic rats. However, in 
contrast to APase, the recovery of GGTase activity due to 
reperfusion to ischemic kidneys was rather slow (19%, 30%) after 
15 m m and (20%, 20%) after 30 m m ischemia. The activity of 
GGTase m contralateral kidneys appeared to show no effect or a 
slight increase with the increase in time of reflow (Tables 14 & 
15). There appeared to be no significant effect on the GGTase 
activity m CH with the time of reperfusion as was observed m 
APase activity (data not shown). 
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Fig. 14. Specific activity of GGTase in BBMV-SC and 
BBMV-MC at differnt time of reflow 
following 30 min ischemia. 
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The syndrome of acute renal failure, as it occurs clinically 
and in animals, results from a complex interplay among cellular, 
nephronal, and hemodynamic processes responsible for morphologic 
as well as functional alterations of kidney. It is well 
established that loss of renal tubular epithelial cell viability 
alters the continuity, particularly of proximal tubular 
epithelium along nephron and accumulation of cellular debris from 
injured tubule cells (58, 38) leading to cell necrosis and death, 
eventually causing loss of renal excretory function (38, 130). 
The proximal tubular segment of the nephron was indicated to be 
the chief site of the damage that occurred due to ischemic or 
toxic insult (79, 131, 86). It is generally believed that the 
damage due to ARF primarily occurs in the pars recta (the S3 
subsegment) m animal models of ischemic injury (38, 86). 
However, there are indications that Sj^  or S2 subsegments of 
proximal tubules are also being predominantly affected m other 
conditions of ARF (110). 
The present study was carried out to localize the effect of 
ischemia on the proximal tubular brush border membrane (BBM), the 
major functional site, isolated from superficial (SO and deep 
(JMC:) rat renal cortex. The activities of BBM-marker enzymes e.g. 
alkaline phosphatase (APase) and T-Glutaroyl transferase (GGTase) 
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were determined to examine the structural and functional 
integrity of proximal tubules under ischemic and reflow 
conditions to provide a step-wise time course of the damage and 
regeneration thereafter. The results indicate a time of ischemia-
dependent increase m the serum concentrations of creatinine, 
inorganic phosphate, phospholipids and cholesterol of ischemic 
rats compared to sham operated control rats (Table-1). The 
significant increase m serum creatinine and phosphate due to 
ischemia indicates alterations in the renal handling of these 
parameters. The effect on BBM marker enzymes showed that the 
activities of both APase and GGTase determined m the present 
studies declined m response to ischemia produced by occlusion of 
ren6il artery and that the decrease was dependent on the duration 
of ischemia both m BBMV-SC and BBMV-JMC compared to their 
respective control as well as contralateral preparations. The 
present observations are m general agreement with those reported 
m BBMV isolated from whole cortex by Paddock et al (93, 95), 
Venkatachalam et al (86). Further the results indicate that 
atleast the decrease m APase activity appears to be greater m 
BBMV-JMC compared to BBMV-SC in early ischemic conditions of 15 
m m and 30 m m (Tables 2 & 3). A differential effect of ischemia 
on GGTase activity was observed both in BBMV-SC and BBMV-JMC 
(Tables 4 & 5). The decrease m the activity of GGTase was 
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relatively small after 15 min of ischemia (25-30%). However, it 
was greatly reduced after 30 m m of ischemia (Tables 4 & 5). This 
shows the differential susceptibility of the two enzymes towards 
ischemia. 
It has been observed that APase and GGTase are located 
differentially on the BBM (100). APase, while located deeply on 
the cytoplasmic site of the membrane, GGTase is located in the 
middle of the BBM (98, 100). Moreover, GGTase together with 
leucine amino peptidase (LAP) is considered to be a marker enzyme 
of piirs recta (S3 subsegment) of the proximal tubules especially 
m the ]uxtamedullary cortical region (98). Secondly, APase 
activity has been shown to be sensitively related with the 
general metabolic situation and found to be altered under various 
dietary stresses as well as on the circulatory concentrations of 
various hormones and drugs (19, 101, 102, 106). The above 
observations m regard to APase and GGTase suggest that they are 
differentially affected by ischemia may be due to their 
differencial organization m the BBM. The observation that the 
activities of both GGTase and APase m cortical homogenates did 
not change m ischemic rats suggest that the enzymes night have 
been released from the membrane or BBM was fragmented to very 
small particles and not inserted in the isolated BBM vesciles 
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(Tables 2-5). It has already been reported that BBM of proximal 
tubules damaged in ischemic conditions partly interiorized and 
the activities of urinary GGTase was found to be greater in 
ischemic animals compared to control preparations (96, 97). It 
can be supported further by the observations of the present study 
that the decrease in the activity of both APase and GGTase was 
largely due to decrease in Vj^ j^^  with no or small effect of Km 
values (Tables 8, 9) indicating the loss of enzyme molecules 
bound to per unit of BBM-isolated from ischemic kidney compared 
to control or contralateral preparations. 
It has been demonstrated (132, 93, 86) that damage caused to 
the brush border membranes of the kidney due to ischemia is 
reversible and is associated with reversible decrease in the 
membrane associated enzyme specific activities and morphological 
changes in the proximal tubule segment upon reflow of blood (86, 
95). The reversibility of ischemic acute renal failure depends on 
renal epithelial cell regeneration to reconstruct the normal 
nephronal architecture so as to re-establish normal functioning 
of the kidney. It has also been reported that both the damage to 
the cell as well as regeneration of tubular cells depends on the 
duration of ischemia as well as on the time of reflow of blood 
;r indicatfiSiklth^t'i'nTe'i'a.J^'WBefl (70 ) . I t has been fu r the r indicat jaavt i i t inTCi'a.J '%p eilow a f t e r 
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ischemia causes further damage. Paddock et al (95) reported that 
the enzyme activities tended to return towards control values 
after 4 hrs of reflow following 25 m m renal artery occlusion, 
contrary to their earlier study (93) m which they reported that 
the activities returned to normal withm 2 hrs of reflow 
following 25 m m ischemic period. The findings of the present 
study demonstrate the reversal of the serum concentrations of 
creatinine, inorganic phosphate, phospholipids and cholesterol 
after 2 hrs of reflow following 15 m m and 30 min of ischemia, 
but the reversal was never complete (Table 10, 11). A significant 
recovery of the specific activities of APase and GGTase was 
observed after 2 hrs of reflow following the ischemic tine 
periods m both BBMV-SC and BBMV-JMC when compared to 2 nin 
reflow group. The results also indicate that early reflow of 15 
m m after ischemic (15 m m and 30 m m ) periods showed a maximum 
effect of ischemia both on serum parameters and enzyme 
activities, only then regeneration starts. The activities of 
APase and GGTase further declined both m BBMV~SC and BBMV-JMC 
after 15 m m reflow following the ischemic time periods as .vas 
reported by Paddock et al (93, 95) in the BBM from whole cortex. 
However, the recovery of APase activity was different from that 
of GGTase both m BBMV-SC and BBMV-JMC. While the recovery of 
APase was relatively greater m BBMV-SC compared to BBMV-JMC (Fig 
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11, 12; Table 12, 13), the recovery of GGTase was more in BBMV-JMC 
compared to BBMV-SC atleast m 15 min ischemic rats (Table 14, 
15; Fig 13, 14). 
Thus, present observations clearly indicate a time of 
ischemia dependent damage to renal proximal tubule especially the 
juxtamedullary portion or the pars recta. Also, there was a 
proportional regeneration of the renal brush border membrane with 
the time of reperfusion. On the basis of the changes observed in 
the activities of APase and GGTase due to ischemia and subsequent 
reflow (Tables 12-15), it can be suggested that BBMV(s) isolated 
from different parenchyma of kidney were differentially affected 
and BBMV-JMC were affected to a greater extent than BBMV-SC. 
S U M U V L A F t Y 
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S U M M A R Y 
It IS well known that renal ischemia causes progressive 
disintegration and necrosis especially of proximal tubular cells 
leading to the functional loss of the kidney which is manifested 
by the reduction in creatinine and inulm clearance together with 
oligouria. Renal ischemia thus causes structural alterations and 
results in profound alterations m tubular cell metabolism of the 
proximal tubular cells. Acute renal failure caused due to 
ischemia and/or toxic agents results m loss of brush border 
membrane (BBM) of the proximal tubules. Various investigators 
have shown the loss of BBM-enzyme activities due to ischemia. 
The present study deals with the structural changes occuring 
in the proximal tubules of superficial and deep renal cortex due 
to unilateral ischemia and ischemia/reflow. In the present study 
the brush border membrane (BBM) were isolated from superficial 
and deep renal cortex of control (Sham operated), ischemic and 
contralateral kidneys and the activities of BBM marker enzymes 
namely alkaline phosphatase (APase) and F-glutamyl transferase 
(GGTase) were determined to monitor the damage and/or 
regeneration of BBM and by extension to that of proximal tubules 
occured due to ischemia and/or subsequent reflow. 
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The results of the present study revealed a time dependent 
increase in the concentration of serum, creatinine, inorganic 
phosphate, phospholipid and cholesterol due to ischemia. 
Moreover, the ischemia/reflow model, reflow of varying time 
intervals (2 min-120 min) followed by ischemia (15 roin or 30 min) 
showed a significant decrease (normalization) in the serum levels 
of Cr, Pi, PL, and CHOL. 
The activities of BBM marker enzymes were determined in 
cortical homogenate (CH) and BBM preparations. The results 
indicate a time of ischemia dependent decrease in the activities 
of both APase and GGTase m both BBMV-SC and BBMV-JMC. Further, 
it has been observed that the activities were declined more in 
BBMV-JMC than in BBMV-SC atleasc after 15 m m and 30 min of 
ischemia. Also, APase activity was affected more markedly as 
compared to GGTase. When the ischemic kidneys were allowed to 
reperfuse for varying time periods, the activity of both the 
enzymes showed further decline after 15 min of reflow in both 
BBMV-SC and BBMV-JMC compared to 2 m m reflow. The activities 
then were observed to be increased with the increase m the 
time of reflow beyond 15 m m . The activity of GGTase showed a 
slower improvement than APase activity. The kinetic studies of 
the enzymes m 30 m m ischemic rats revealed that the effect was 
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mainly due to the decrease in Vraax with a negligible change m Km 
values. 
Thus, the present study clearly indicate a time dependent 
damage to the kidneys by ischemia and improvement thereafter with 
reflow of blood. Moreover, the study shows a differential effect 
on the activities of both the enzymes and that the BBMV-JMC was 
affected to a greater extent compared to BBMV-SC. 
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